Fludarabine-mediated inhibition of nucleotide excision repair induces apoptosis in quiescent human lymphocytes.
Incorporation of fludarabine, 9-beta-d-arabinofuranosyl-2-fluoroadenine (F-ara-A), into replicating DNA inhibits further chain elongation and is the critical event in F-ara-A-mediated cytotoxicity. We have used the normal cellular process of nucleotide excision repair to create an opportunity for F-ara-A incorporation into the DNA of noncycling cells. Irradiation of quiescent lymphocytes with UV light (254 nm, 0. 5-30 J/m2) in the presence of [3H]F-ara-A produced a dose-dependent increase in F-ara-A monophosphate incorporation into DNA that reflected a 60-70% inhibition of DNA repair at 2 h. Lymphocytes pretreated with 3 micrometer F-ara-A for 2 h before irradiation with 0.5 or 2.0 J/m2 were incubated for 24 h in the presence or absence of F-ara-A. Morphological features of apoptosis and DNA cleavage into high molecular weight fragments were increased in cells treated with UV plus F-ara-A compared to those treated with UV or F-ara-A alone. FACScan analysis confirmed the morphological and biochemical results. A 2-h pulse of F-ara-A produced intracellular F-ara-ATP levels of 40 micrometer, and removal of F-ara-A from the media resulted in a monophasic elimination (r2 = 0.88) in F-ara-ATP levels with a half-life of 5.6 h. Lymphocytes undergoing apoptosis demonstrated a G0 DNA content, indicating that entry into the cell cycle was not required. This study demonstrates that F-ara-AMP is incorporated into DNA during UV-induced repair in quiescent lymphocytes and that this is associated with the inhibition of ongoing DNA repair and an increased incidence of apoptosis. Combinational therapies involving fludarabine with agents and modalities that initiate DNA repair may have clinical relevance in the treatment of human malignancies.